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ABstrACt –  Through	 a	 case	 study	 of	 the	 controversies	 surrounding	 the	 molecular	
clock,	 this	paper	examines	 the	role	of	visual	 representation	 in	 the	dynamics	of	 scientific	
controversies.		 Representations	 of	 the	 molecular	 clock	 themselves	 became	 objects	 of	
controversy	 and	 so	 were	 not	 a	 means	 for	 closure.		 Instead	 visual	 representations	 of	 the	
molecular	clock	became	tools	for	the	further	articulation	of	an	ongoing	controversy.
keywords –  Molecular	Clock,	Controversy,	Representation,	Kimura,	Ayala.
In	 the	 early	 1960s	 Emile	 Zuckerkandl	 and	 Linus	 Pauling	 began	
comparing	the	newly	generated	amino	acid	sequences	of	proteins.	When	
they	compared	sequences	of	hemoglobins	 from	different	species,	 they	
discovered	 that	 the	 differences	 were	 “approximately	 proportional	 in	













as	 a	 regular	 statistical	 process	 producing	 a	 distribution	 of	 rates	 of	
















established	 as	 a	 stable	 graphical	 depiction	 of	 the	 molecular	 clock	 yet	
remained	open	to	interpretation.	The	linear	representation	of	the	clock,	
I	 argue,	depicted	not	one	 side	or	another	 in	 the	controversy	over	 the	
variability	of	the	clock;	instead,	it	represented	the	object	of	controversy	
itself.	 Following	 Bruno	 Latour’s	 analysis	 of	 visual	 representation	 as	
tools	of	persuasion,	the	 linear	representation	of	the	clock	was	used	to	
persuade	but	not	with	regard	to	the	question	of	variability	in	the	clock	










neutral	 changes	 were	 governed	 by	 random	 drift	 (see	 Dietrich	 1994;	
Suarez	 and	 Barahona	 1996).	 Kimura,	 with	 Jack	 King,	 Thomas	 Jukes,	




In	 the	 late	 1960s	 and	 early	 1970s,	 advocates	 of	 neutral	 molecular	








natural	 selection	 or	 were	 very	 weakly	 selected;	 that	 is	 to	 say,	 a	 large	
number	of	mutations	were	understood	to	be	neutral	or	nearly	neutral	
(Kimura	 1968;	 King	 and	 Jukes	 1969).	 Although	 advocates	 of	 neutral	
molecular	evolution	set	off	a	long	standing	controversy	with	selectionists,	










size	 and	 environment.	 In	 the	 neutral	 case,	 nothing	 should	 cause	 the	






(1965)	 to	 vary	 among	 different	 proteins.	 The	 neutralists	 explained	
this	difference	in	terms	of	different	proteins	having	different	fractions	






and	 Jukes	 1969;	 Ohta	 and	 Kimura	 1971,	 19).	 The	 neutralists	 needed	

























of	 molecular	 evolution	 was	 not	 perfectly	 uniform	 (Kimura	 1983,	 79),	
but	in	his	opinion,	“emphasizing	local	fluctuations	as	evidence	against	




Neutral Theory of Molecular Evolution,	by	providing	a	more	thorough	
statistical	treatment	of	the	variations	in	the	rate	of	molecular	evolution.	













as	 the	 ratio	 of	 the	 observed	 variance	 to	 the	 mean	 and	 the	 value	 of	 R	
should	be	1.	Of	 the	different	molecules	 that	Kimura	considered,	beta	
hemoglobin	and	cytochrome	c	showed	significantly	higher	variation	than	
















clock	 as	 an	 average:	 it	 referred	 to	 the	 average	 rate	 of	 substitution	 for	 a	
given	population	of	molecules	or	molecular	sequences	(Langley	and	Fitch	













clock	but,	 like	Kimura,	 they	emphasize	 its	 so-called	 intrinsic	 rate.	Faced	
with	 the	 twin	 phenomena	 of	 a	 statistical	 mean	 and	 variation	 about	 that	
mean,	Wilson,	Ochman,	and	Prager	argued	that	one	had	to	choose	either	
the	 perspective	 of	 a	 Naturalist	 or	 a	 Biochemist.	 The	 Naturalists	 cherish	
each	 individual	 molecule	 and	 its	 unique	 historical	 trajectory.	 As	 a	 result	









From	 the	 Biochemists’	 perspective,	 the	 constancy	 of	 the	 rate	 of	
molecular	evolution	was	the	important	phenomena,	not	the	variability.	
Neutralists,	 like	 Kimura	 and	 Wilson,	 argued	 that	 different	 types	
of	 molecules	 had	 characteristic	 intrinsic	 rates	 of	 evolution.	 So,	 all	
cytochrome	c	molecules,	for	instance,	shared	the	same	intrinsic	property	
of	evolving	at	approximately	the	same	rate.	The	rate	of	each	molecule-





Selectionist	 critics	 were	 undeterred	 by	 Kimura’s	 and	 Wilson’s	
arguments.	 With	 growing	 evidence	 that	 rate	 variability	 was	 much	
more	 pronounced	 than	 had	 been	 supposed,	 John	 Gillespie	 proposed	
a	 selectionist	 episodic	 molecular	 clock	 that	 he	 claimed	 could	 explain	










Representing Constancy and Variability
From	its	christening	in	1965,	the	key	feature	of	the	molecular	clock	
has	 been	 its	 purported	 constancy.	 This	 constancy	 was	 represented	
graphically	 as	 a	 linear	 relationship	 between	 time	 and	 numbers	 of	
substitutional	differences.	R.E.	Dickerson’s	representation	of	 the	rates	
of	 evolution	 for	 three	different	molecules	 is	 an	early	exemplar	of	 this	
Linear	Representation	of	the	clock	(see	Figure	1).	Dickerson’s	diagram	
is	a	Cartesian	coordinate	graph	with	time	on	the	x-axis	and	the	corrected	







hemoglobin,	 and	 cytochrome	 c	 are	 represented	 as	 straight	 lines.	 The	







In	 1974	 Charles	 Langley	 and	 Walter	 Fitch	 produced	 a	 now	 widely	
reproduced	 linear	 representation	 as	 part	 of	 their	 important	 paper	
questioning	the	constancy	of	the	clock	(Langley	and	Fitch	1974).	Their	








is	 called	 the	 “primate	 slowdown”	 (Goodman	 1996).	 In	 other	 words,	
for	 some	 reason	 the	 rate	of	molecular	 evolution	 seemed	 to	 slowdown	
in	primate	lineages	when	compared	to	the	rate	in	other	mammals.	The	
“primate	 slowdown”	 was	 an	 important	 exception	 to	 the	 molecular	
clock	and	was	a	serious	challenge	for	its	advocates.	Representationally,	


















1990;	 see	 also	 Latour	 1987).	 I	 do	 not	 want	 to	 defend	 it	 as	 a	 general	
view	of	science,	but	I	do	think	it	is	an	appropriate	and	useful	approach	
when	 considering	 scientific	 controversy.	 Controversies	 by	 definition	
are	 extended	 disputes.	 The	 dynamics	 of	 a	 controversy	 are	 necessarily	
antagonistic,	although	the	degree	of	polarization	and	animosity	certainly	
fluctuate	over	the	course	of	a	dispute.	
In	 so	 far	 as	 reasoned	 arguments	 contribute	 to	 controversy	 closure,	
visual	 representations	 of	 data,	 phenomena,	 concepts,	 and	 models	 can	
be	powerful	tools	of	persuasion.	According	to	Latour,	scientific	authors,	
with	 their	 twin	 goals	 of	 enrolling	 allies	 and	 defeating	 opponents,	 use	
inscriptions	 to	 create	 objects	 which	 are	 “mobile	 but	 also	 immutable,	
presentable,	 readable,	 and	 combinable	 with	 one	 another”	 (Latour	
1990,	 26).	Consistent	 reproduction	of	 an	 image	or	of	 certain	 features	
of	 an	 image	 does	 not	 guarantee	 the	 consistent	 reproduction	 of	 any	







Latour	proposes	 that	within	a	community	and	a	 specific	context,	 a	
cascade	of	representations	can	train	a	community	to	see	a	representation	

















sequence	be	 reinscribed	as	gaps	are	added	 to	allow	different	 areas	of	
sequence	to	more	closely	correspond	to	each	other.	Because	each	gap	















different	 species,	 for	 instance,	 are	 next	 compiled	 into	 a	 matrix	 of	
differences.	 One	 of	 these	 differences	 is	 then	 made	 temporal	 by	 using	






rate,	 then	 each	 molecular	 difference	 in	 all	 of	 the	 pairs	 compared	 can	
be	reinscribed	in	terms	of	time.	As	a	result,	the	numbers	of	differences	

















That	 everyone	 learned	 to	 recognize	 and	 understand	 the	 linear	
representation	 of	 the	 clock	 does	 not	 entail	 that	 this	 diagram	 was	













inscriptions	had	produced	an	 immutable	 representation,	but	one	 that	
lacked	persuasive	force	in	the	dispute	at	hand.	In	the	case	of	the	molecular	
clock,	 the	 linear	 representation	was	not	 an	 agonistic	 tool	 –	 a	weapon	









2000;	Rodriguez-Trelles	et al.	2001).	Dreams	of	a	universal	 clock	 that	
would	apply	across	all	molecules	were	abandoned	almost	immediately,	
if	 indeed	they	were	ever	 taken	seriously.	However,	 the	 idea	that	every	




by	 Ayala	 as	 he	 demonstrated	 that	 variability	 in	 rates	 of	 evolution	
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rendered	other	molecules	useless	as	clocks	across	genera	and	taxonomic	
families	 (Ayala	 2000).	 Ayala’s	 arguments	 contributed	 to	 selectionists’	































The	 stability	 of	 the	 clock	 representation	 is	 realized	 by	 its	 form.	 The	





representation	 of	 the	 clocks	 in	 three	 very	 different	 molecules	 (Figure	






Fig. 3:	Francisco	Ayala’s	 representation	of	molecular	clocks	 (Rodriguez-Trelles	et al.	
2001,	11407).
Ayala’s	 mutation	 of	 the	 linear	 representation	 renders	 it	 a	 “mutable	
mobile”,	contrary	to	Latour’s	perspective	on	representation.	However,	































could	 be	 deployed	 by	 either	 side	 in	 the	 dispute,	 Ayala’s	 multi-linear	
diagram	 is	 partisan	 –	 it	 is	 much	 more	 difficult	 to	 reconcile	 with	 the	
claim	that	each	type	of	molecule	has	an	intrinsic	clock.	The	multi-linear	
diagram	thus	functions	 in	the	dispute	much	as	Latour	postulated	that	
“immutable	 mobiles”	 should:	 it	 is	 part	 of	 a	 persuasive	 argument	 in	
an	 ongoing	 dispute.	 However,	 the	 contrast	 between	 the	 earlier	 linear	
representation	 and	 the	 later	 multi-linear	 representation	 demonstrates	
that	not	all	stable,	“immutable”	representations	produced	in	the	context	
of	scientific	controversy	are	necessarily	partisan.	Moreover,	if	the	multi-
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